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Chiorothalonil/PC Code 081901/ Vischim S 1074601
DACO 6.20PPTS 860.1300/0ECD 116.2.2,6.2.3 £ 111A 82, 84.1.84.2
Nature of the Residues in Livestock - Lactating goat

Primary Evaluator: Date: 03-MAR-2006

George F. Kramer! Ph.D., Chemist
Registration Action Branch 1 (RAB 1)
Health Effects Division (HED) (7509C)

Approved by: D\ 4 hadn, Date: 03-MAR-2006
P.V. Shah, Ph.D. Branch Senior Scientist
RABIHED (7509C)

This DER was originally prepared under contract by Dynamac Corporation (2275 Research Boulevard, Suite 30X,
Rockville, MD 20850; submitted (2/0172006). The DER has been reviewed by the HED and revised to reflect
current Office of Pesticide Programs (OPF) policies.

STUDY REPORT:

45710226 Shaw, D. (1997) Chlorothalonil Metabolism in the Lactating Goat: Lab Project
Number: VCM 73/961389. Unpublished study prepared by Huntingdon Life Sciences Lid. 143 p.

EXECUTIVE SUMMARY:

Vischim S.r.1 has submitted a study investigating the metabolism of [phenyl-U-
14C1chlorothalonil (specific activity 19.8 mCi/mmol) in a Jactating goat. The test substance was
administered orally to a single goat at approximately 10 ppm in the diet; the dosing level was
based on cstimated feed consumption. The goat was dosed once daily for 5 consecutive days.
Milk was collected twice daily throughout the study, and tissues (liver, kidney, muscle, and fat)
were collected at sacrifice. The in-life phase and analytical phases of the study were conducted
by Huntingdon Life Sciences Lid. (Huntingdon, England).

Total radioactive residues (TRR) were 0.031-0.090 ppm in milk, 0.23 ppm in liver, 1.1 ppm in
kidney, 0.02-0.03 ppm in fat, and 0.02 ppm in muscle. Radioactivity was highest in kidney and
lowest in fat and muscle. Residues in milk did not appear to have reached a plateau by the end
of the dosing period. A large portion of the administered dose was excreted, with urine, feces,
and cage wash accounting for a total of ~51% of the administered dose. A total of 75.4% of the
administered dose was recovered in goat matrices.

A large portion of the radioactivity (~52-82% TRR) was extracted from goat matrices using
acetonitrile, acetonitrile/water, and/or acetone. The nonextractable residues of all matrices were
subjected to enzyme hydrolyses, which released ~4-9% TRR in liver, fat, and muscle sampies,
and ~12-18% TRR in milk and kidney samples. Nonextractable residues were additionally
subjected to mild acid and base hydrolyses, which released a total of ~6-17% TRR. Liver and
kidney nonextractable residues were additionally subjected to acid hydrolysis at reflux, which
released 16% and 6% TRR, respectively. Nonextractable residues accounted for, <0.03 ppm
(5.5-16% TRR) in milk, liver, fat, and muscle, and <6% TRR (0.12 ppm) in kidney. Residues
were characterized primarily by high-performance liquid chromatography (HPLC) analysis,
using thin-layer chromatography (TLC) analysis for confirmation of residue identity.
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Approximately 4% TRR were identificd in kidney, and 24-45% TRR were identified in milk,
liver, fat, and muscle. Chlorothalonil was not detected in any goat matrix. Two metabolites
were identified: 4-hydroxy chlorothalonil, at 41.1% TRR (0.025 ppm) in milk, 10.4% TRR
(0.024 ppm) in liver, 4.1% TRR (0.045 ppm) in kidney, 18.2% TRR (0.005 ppm) in fat, and
12.8% TRR (0.002 ppm) in muscle; and 2,3,6-trichloro-1,3-dicyanobenzene, at 3.6% TRR
(0.002 ppm) in milk, 13.1% TRR (0.030 ppm) in liver, 15.6% TRR (0.004 ppm) in fat, and
31.7% TRR (0.006 ppm) in muscle. Comparison of HPLC retention times indicated that the
diglutathione conjugate of chlorothalonil was present in kidney extracts, at ~2% TRR. The
remainder of the extractable radioactivity consisted of unknowns, each present at <0.08 ppm.

The petitioner stated that the enzyme, acid, and base hydrolysates of goat matrices were not
analyzed because of low radioactivity levels. The hydrolysates from milk, liver, muscle, and fat
each accounted for <0.05 ppm. The kidney hydrolysates contained greater amounts of
radioactivity, at 17.5% TRR (0.19 ppm) in the enzyme hydrolysate, 6.9% TRR (0.076 ppm) in
the 0.1 M HCI hydrolysate, 10.5% TRR (0.12 ppm) in the 0.1 M NaOH hydrolysate, and 6.1%
TRR (0.067 ppm) in the 0.1 M HCI reflux hydrolysate. The petitioner should have attempted
analysis of the radioactivity in the hydrolysates of kidney.

Samples were stored frozen prior to analysis, and most analyses were completed within ~7
months of collection. The petitioner provided data demonstrating that the metabolite profile was
stable in milk and kidney during 7 months of frozen storage. In liver, muscle, and fat, decline in
one major metabolite, 2,5,6-trichloro-1,3-dicyanobenzene, was observed during 7 months of
storage, with a corresponding increase in the metabolite 4-hydroxy chlorothalonil. These data
are adequate to support the study.

Based on the observed metabolites, chlorothalonil is metabolized in goats to 4-hydroxy
chlorothalonil, 2,5,6-trichloro-1,3-dicyanobenzene, and the mono- and diglutathione conjugates
of chlorothalonil (both conjugates were found in urine).

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/ CLARIFICATIONS:

Under the conditions and parameters used in the study, the goat metabolism data are classified as
scientifically unacceptable because radioactivity was insufficiently characterized in kidney.
Because the submitted study was completed in 1997, it would be impractical for the petitioner to
conduct additional work on kidney residues.

COMPLIANCE:

Signed and dated Good Laboratory Practice {GLP), Quality Assurance and Data Confidentiality
statements were provided. No deviations from regulatory requirements were reported which
would have an impact on the validity of the study.
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Chlorothalonil/PC Code 081901/Vischim S.r.1/074601
DACO 6.2/0PPTS 860.1300/0ECD 11 6.2.2, 6.2.3 & TIA 8.2, 8.4.1. 8.42
Nature of the Residues in Livestock - Lactating goat

A. BACKGROUND INFORMATION

Chlorothalonil is a broad spectrum, non-systemic protectant pesticide mainly used as a fungicide
to control fungal foliar diseases of vegetable, field, and ornamental crops. Itisalsousedasa
wood protectant, antimold and antimildew agent, bactericide, microbiocide, algaecide,
insecticide, and acaricide. The exact mechanism of action is not known.

TABLEA.l.  Test Compound Nomenclature.

Compound N
1 Ci
1 N

1

Commaon name Chlorothalonil

Company experimental name N/A

IUPAC name telrachioroisophthalonitrile

CAS name 2.4.5,6-tetrachlaro-1,3-benzenedicarbonitrile

CAS registry mumber 1897-45-6

TABLE A.2,  Physicochemical Properties of the Technical Grade Test Compound: Chlorothalonil,

Parameter Value Reference
Melting poiat 250-251°C Chlorothalonil Reregistration
Eligibility Decision, Apeil 1959
Water solubility 0.6 ppm (25 °C) Chiorothaloni! Reregistration
Eligibility Decision, April 1999
Solvent solubility gl at 25°C: The Pesticide Manual, ¥ ed,
acetom: 20
dimethy! suifoxide 20
cyciohexanone 36
dimethylformamide 30
kerosenc <
aylene 80
Octanoliwaier partition coefficient, Log(Kow) | 4.37 x 10° TOXNET database

B. EXPERIMENTAL DESIGN

B.1. Livestock

TABLE B.1.1. General Test Animal Information.

Species Breed Age Weight ot study | Health Swtus DPescription of
initiation (k) hausirx_gﬂw%diuﬁ area
Laciating goat | British ~3 years 475 The health of the goat was Staintess stee] metabolism
Saanen wype satisfactory at study initiation, | cage with stee] mesh floor:

and daily observations were lighting on 2 12-hour
made during the study period. | light/12-hour dark eycle.

No health issues were reported.
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Chlorothalonil/PC Code 081901/ Vischim $.r.4074601
DACO 6.2/0PPTS 860.1300/0ECD 11 6.2.2, 6.2.3 & 1A 82, 8§.4.1, 842
Nature of the Residues in Livestock - Lactating goat

TABLE B.1.2. _Test Animal Dietary Regime.

Composition of Diet Peed consurmption (kg/day) Water Acclimation period P:edoaingm
Concentrate rations based on cercals | Not reported Tap water, ad 3 days None
and vegetable protein; nominally iibitum
containing no antibiotics or other feed
additives.

TABLE B.L3. _Test Animal Dosing Regime.

Trestment Type | Trealment Level Vehicle Parameters Timing/Duration
g;);;m test material in vehicle)
Orad Approximately 10 ppm, based | Gelatin capsule | Capsule containing | Once duily, after morning
on assuaed feed consumption test substance milking, for five consecutive
ol 2 kg/day. administered via days.
balling gun.

B.2. Test Materials

TABLE B.2.1. Test Material Characteristics,
Chensical structure N

1 O i

1 N

Cl
Radiolabel position [phenyl-U-"“Cichlorothalonil
Lot No. SPS/VCMIT3/1
Purity 97.7-99.7% radiochemical purity
Specific activity 47.5 mCi/mmol (test substance)
19.8 mCi/mmol (dusiug material}

The test substance was isotopically diluted with non-labeled chlorothalonil and mixed with
acetone.

B.3.  Sampling Information

TABLE B.3.1. Sample Collection Information.

Mitk collected Urine, feces and cage wash | Intervad from Jast Tissues harvested and
collected dose to sacrifice analyzed

600-1250 ml. collected daily during the Urine, feces, and cage wash | 23 hours Liver, kidneys, muscle

dosing period {average = 862 mL); 1110- collected every 24 hours {foreleg, loin, and rumpy,

1820 ml. collected daily during the during dosing period up 1o and fat (subcutaneous,

acclimation period {average = 1541 mL). sacrifice. otmental, and perirenal),

Milk was collected twice daily: in the momning immediately prior to dosing, and in the
afternoon.
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Chiorothaloni¥PC Code 081901/ Vischim 5.1.1/074601
DACO 6.2/CPPTS 860.1300/0ECD 1 6.2.2,6.2.3 & THA 8.2, 5.4.1,8.4.2
Nature of the Residues in Livestock - Laciating goat

B4. ldentification/Characterization of Residues
B4.1. Sample Handling and Preparation

A subsample of each milk sample was radicassayed immediately after collection or stored
refrigerated (4 °C) prior to radioassay. The remainder of each milk sample was frozen after
collection and stored frozen (<-15 °C}) until analysis. Tissue samples were stored frozen between
collection and analysis.

To generate 2 milk sample for residue characterization/identification, portions of all milk
samples were pooled in proportion to their total volumes. For fat and muscle, a composite
sample was prepared using approximately equal amounts of the three types of tissue. All
composite samples were radioassayed prior to extraction.

The procedures used to extract radioactivity from milk and tissue samples are presented below in
Figures B.4.1 through B.4.5, which were copied without alteration from MRID 45710226.
Because the initial extraction procedures are clearly delineated in Figures B.4.1 through B.4.5,
they are not further discussed in this section.

Figure B.4.1. Extraction procedures for milk.

pooted milk
10.050 ppen, DO
sl with acotomitile (2x)
and wostontileNaer {151} (13}
i
i 1
Extracts dubeiy
{0,039 ppm, £4.5%) {0821 ppm, 35.5%6)
{HPLOTLS)
i
! : 1
parmiGon protease G.1IM HCY
with 37°C, 24 howrs misent, 2 hours
dishioromethane (0.007 paum, 12,196 {0.0004 ppem, 0.6%)
)
¥ | l
dichioromettane fraction Meea facton &1 NaQOH
{0022 ppm, 36.5%) (0017 ppmn, 27.0%) sebiers, 2 hows.
{HPLCY @010 ppn, 16.0%5)
resmainder
(0511 ppm, 18.9%)
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ChlorothalonilVPC Code 081901/ Vischim S.r. /074601
DACO 6.2/0PPTS 860.1300/0ECD 11 6.2.2, 6.2.3 & TIA 8.2,84.1,842
Nature of the Residues in Livestock - Lactating goat

Figure B.4.2. Extraction procedures for liver.

Yhver
023 ppen, 100%)

T
extrRst wilh suctone [2%)
soespeitride {1x) and
sceioniiciwaner (8:1) vy
1

.
Exrmons dbris
(0. E2 ppen, 53.55%6) 10,11 ppm, 45.5%)
(HPLC L)
pastition prodgase
widh 3G, 24 houns
I dichloromethane 0018 prn, 7.5%)
z Aol 200 HCH
parition smben, 2 b
{0012 ppe, 5.29)
Ll ! |
s o | -
dichicromethane frnciion 1IEGUS Bassion sonbiemi, T hours
072 poan 31194y G040 ppm, 30.4%) {0.022 ppm, 9.5%)
- e !
neidic B.AM HCY
i -
u pan efluse, 18 hours
o | W07 pprm, 15.9%)
dichipromvedune fraction squesus fraction Tminder
{0670 ppm, 29.09%) 050 prm, 21.6%) AO.G2S ppen, 10.8%5)
{HPLCY
w e
pATtiLice
2 T
dichloromethane fraetin aqueons Baction
I (O.M’?( rm 11.8%) @093 pom, 38 74
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Chiorothaloml/PC Code 081901/ Vischim S.r. /074601
DACO 6.2/0PPTS 860. 1300/0BCD 11 6.2.2.6.2.3 & HIA 8.2, 84.1, 842
Nature of the Residues in Livestock - Lactating goat

Figure B.4.3. Extraction procedures for kidney.

Kidney
(1,10 ppm, 100%)
|
extract with seeton: (33
scenordteite {1x) und
scevonitrfcrwnter (1:13 (%)
i 1
XIS darburin
{0.59 ppm. 53.7%) {0.31 ppun, 46.3%)
{HPLCATLE)
parrition prolease
with; IPC, 28 powrs
dichiceamethane {0.19 ppm, 12.9%)
sl 8IM HCY
panition wrbitat, 2 howrs
0.076 ppm, 6.9%)
’ !
{ . l ) DIMNSOH
dichiovometane faction squecur Suction i, 2 hours
{011 pyam, 9. 7%) {0.4% ppre, 44.0%) {0.52 pom, 10.3%)
4Ly I
wiidic
” 0.3 HC
relix, 18 bowrs
1 {D.087 ppes, 6.1%)
dlctdonstretiame fraction sgueous fesction
(041 ppes, 10.0%) {0.48 ppen, 43,7%) 058 ppm, 5.3%)
L)
basic
prrtition
]
distaoromethane faction atporivas Traction
{0.060 ppn, 3.4%) {0.53 ppwn, 48.3%3
HPLLY
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Chlorothalonil/PC Code 081901/ Vischim $.r. /074601

Nature of the Residues in Livestack - Lactating goat

DACO 6.2/0PPTS 860.1300/0ECD 11 6.2.2, 6.2.3 & IIIA 82,841,842

Figure B.4.4. Extraction procedures for fat.

poaied fit
{0028 ppm, 100%)
acsoainilcivams (1:1) (1%
and acercne (2
]
,i 1
exIAC debris
0.023 ppes, 82.2%) (0005 ppee, 17.8%)
| | o i
i i
partition protesss 0. IMBCE
with 379C, 24 hours ambiery, 7 hotrs
dichioromathane {0501 ppm, 3.8%) 0.0003 ppim, 1.1%6)
o ’ | |
dichioromethane fiaction aquecus fraion 2.15¢ NaOH
(0.017 ppm, 39.4%0) {8.006 pywm, 22.8%) zmibiens, 3 hours
{HPLL) £0.002 ppev, 5.5%)
remmainder
(0.003 ppm, 10.2%
Figure B.4.5. Extraction procedures for muscle.
pooled muscle
(0:018 ppm, 100%)
extract with scetonitrile (20

and woetmitriletwaner {1:1) (25)
|

I i

BatTRCIS debris
(Q.014 ppen, 77.9%) {0004 ppm, 22.1%)
HPLCIIL)
i
| . 1
partiion proteazs 0.1 HCI
with I, 24 boane ambient, 2 hours
dichiovomethare (0.002 ppun, 8 5% (0.0001 ppm, 0.8%)
|
. - |
dichioromethane fraction agueoys faction 0L 1M RaOH
{0010 pram, 57. 7% (0.004 ppmm, 20.2%) ambiert, 2 hours
(HPLC) {0.001 ppom, 5.59%)
remainder
{3.003 ppm, 15.8%)
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DACO 6.2/0PPTS 860.1300/0ECD I1 6.2.2, 6.2.3 & IlIA 8.2, B 4. 1,842
Nature of the Residues in Livestock - Lactating goat

For the dichloromethane (DCM) partitioning steps, a second subsample of goat matrix was
extracted as described in the figures, the combined extracts were concentrated to agueous, and
the extract was partitioned as described in the figures; for fat and muscle, the concentrated
aqueous extracts were saturated with NaCl prior to DCM partitioning. For liver and kidney, the
DCM partition was conducted on three scparate subsamples of combined concentrated extracts:
one at neutral pH; one after adjustment of extracts to pH 2 (using concentrated HCI); and one
after adjustment of extracts to pH 12 (using 10 M NaOH).

For liver, a scparate subsample was dialyzed in 0.01 M sodium phosphate buffer (pH 7.0, also
containing 0.1% sodium dodecy sulfate) to measure the proportion of radioactivity associated
with covalently bound material. Aliquots of the dialysate were removed for radioassay after ~24,
72, and 168 hours; the buffer was replaced after ~24 and 72 hours. A subsample of kidney was
subjected to the same procedures, removing aliquots of the dialysate after ~48, 96, and 168
hours.

B.4.2. Analytical Methodology

TRR were measured in milk, urine, and sample extracts and hydrolysates by liquid-scintillation
counting (LSC). TRR in tissue and feces samples and extracted solids were determined by
combustion/[.SC. Kidney, muscle, and fat samples were treated with tissue solubilizer at 55 °C
for up 10 24 hours. When solubilization was complete, the samples were left in the dark for 24
hours and then radioassayed by LSC. TRR in solids remaining after enzyme and/or acid and
base hydrolyses were calculated based on the amount of radioactivity in the solid prior to
hydrolysis and the amount released by the hydrolysis procedures. No limits of detection or
quantitation were reported.

Extracts were analyzed by HPLC and TLC. HPLC analyses were conducted on a system
equipped with a phenyl column, a ultraviolet (UV) detector (254 nm), and a radioactivity
detector, using a gradient mobile phase of 0.002 M 1-heptane sulfonic acid, 0.018 M sodium
phosphate, and acetonitrile. Metabolites were identified by co-chromatography with non-labeled
reference standards. The chemical names and structures of the reference standards vsed in this
study are presented in Appendix 1.

~ TLC amalyses were conducted in the normal phase, using Kieselgel 60 Fagy plates, or in the
reversed phase, using C-18 plates. The following solvent systems were used: (1) hexane:DCM
(1:1, v:v; normal phase); (2) methanol:water (9:1, v:v; reverse phase); (3) butan-1-ol:water:acetic
acid (3:1:1, viv:v; normal phase): (4) butan-1-ol:butan-2-one:water:ammonia solution 6:3:2:1,
viviviv; normal phase); and (5) acetonitrilerwater (7:3, v:v; reverse phase). Radioactivity was
detected and quantified using a bioimaging analyzer. Non-labeled standards were visualized by
quenching the UV-fluorescent indicator on the plate. Metabolites were identified by co-
chromatography with reference standards,

Liquid chromatography/mass spectrescopy (LC/MS) and LC/MS/MS analyses were conducted
using a C-18 column, a gradient mobile phase of water and acetonitrile and MS and/or MS/MS
detection. GC/MS analyses were conducted using a DB-3 column.

US EPA ARCHIVE DOCUMENT
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C. RESULTS AND DISCUSSION

The storage conditions and intervals for samples from the goat metabolism study are presented in
Table C.1. Samples were stored frozen prior to analysis, and most analyses were completed
within ~7 months of collection. The petitioner provided data demonstrating that the metabolite
profile was stable in milk and ki dney during 7 months of frozen storage. In liver, muscle, and
fat, decline in one major metabolite, 2,5,6-trichloro-1,3-dicyanobenzene, was observed during 7
months of storage, with a corresponding increase in the metabolite 4-hydroxy chlorothalonil.
These data are adequate to support the study.

TRR in goat milk and tissues are reported in Table C.2.1. TRR were 0.031-0.090 pprm in milk,
0.23 ppm in liver, 1.1 ppm in kidney, 0.02-0.03 ppm in fat, and 0.02 ppm in muscle from a goat
dosed orally with ["*C]chlorothalonil at approximately 10 ppm in the diet for 5 consecutive days.
Radioactivity was highest in kidney and Jowest in fat and muscle. Residues in milk did not
appear to have reached a plateau by the end of the dosing period. A large portion of the
administered dose was excreted, with urine, feces, and cage wash accounting for a total of ~51%

of the administered dose. A total of 75.4% of the administered dose was recovered in goat
matrices.

The distribution of the radioactivity in goat matrices is presented in Table C.2.2. A large portion
of the radioactivity (~52-82% TRR) was extracted from goat matrices using acetonitrile,
acetonitrile/water, and/or acetone. The nonextractable residues of all matrices were subjected to
enzyme hydrolyses, which released ~4-9% TRR in liver, fat, and muscle samples, and ~12-18%
TRR in milk and kidney samples. Nonextractable residues were additionally subjected to mild
acid and base hydrolyses, which released a total of ~6-17% TRR. Liver and kidney
nonextractable residues were additionally subjected to acid hydrolysis at reflux, which released
16% and 6% TRR, respectively. Nonextractable residues accounted for, <0.03 ppm (5.5-16%
TRR) in milk, liver, fat, and muscle, and <6% TRR (0.12 ppm) in kidney. Residues were
characterized primarily by HPLC analysis, using TLC analysis for confirmation of residue
identity,

The characterization and identification of residues in goat matrices is summarized in Table C.2.3.
Approximately 4% TRR were identified in kidney, and 24-45% TRR were identified in milk,
liver, fat, and muscle. Chlorothalonil was not detected in any goat matrix. Two metabolites
were identified: 4-hydroxy chlorothalonil, at 41.1% TRR (0.025 ppm) in milk, 10.4% TRR
(0.024 ppm) in liver, 4.1% TRR (0.045 ppm) in kidney, 18.2% TRR (0.005 ppm) in fat, and
12.8% TRR (0.002 ppm) in muscle; and 2,5,6-trichloro-1,3-dicyanobenzene, at 3.6% TRR
(0.002 ppm) in milk, 13.1% TRR (0.030 ppm) in liver, 15.6% TRR (0.004 ppm) in fat, and
31.7% TRR (0.006 ppm) in muscle. The remainder of the extractable radioactivity consisted of
unknowns, each present at <0.08 ppm.

The identification of 4-hydroxy chlorothalonil in milk was confirmed by LC/MS/MS analyses.
The major metabolite in liver was identified bascd on GC/MS analyses of the same metabolite
isolated from feces. The GC/MS anal yses indicated that the metabolite was a trichloro-1,3-
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Watare of the Residues in Livestock - Lactating goat

dicyanobenzene compound. Although the relative position of the chlorine atoms could not be
determined, the petitioner concluded that the positions of the chlorine atoms would likely be the
same as those of 4-hydroxy chlorothalonil; therefore, the metabolite was determined to be 2.5,6~
trichloro-1,3-dicyanobenzene. The metabolite was identified in milk and tissues by HPLC co-
chromatography.

The HPLC analyses of the initial extracts were used for residue characterization/identification.
The petitioner additionally subjected the DCM and aqueous phases, obtained after partitioning
the initial extracts with DCM, to HPLC analyses. These analyses showed that for milk, 4-
hydroxy chlorothalonil was found in both phases, and less polar metabolites were only found in

* the DCM phase. For liver, partitioning at neutral and acidic pH yielded more radioactivity in the

DCM phase than at basic pH; in all cases, the DCM phase consisted almost entirely of 4-hydroxy
chlorothalonil and 2.5,6-trichloro-1,3-dicyanobenzene. For kidney, the majority of the
radioactivity was found in the aqueous phase following partitioning at neutral, acidic, and basic
pH; the metabolic profile in the DCM phase was similar at each pH. For fat, the majority of the
radioactivity partitioned into the DCM phase; results from HPLC analysis of this phase were
poor. For muscle, the majority of the radioactivity partitioned into the DCM phase; HPLC
analysis revealed the same profile as that of the initial extract.

In kidney, the only metabolite identified was 4-hydroxy chlorothalonil; because thiz metabolite
was only identified by HPLC co-chromatography, the petitioner considered it to be tentatively
identified. One polar metaholite, comprising 13.5% TRR (0.15 ppm), was subjected to further
analysis. Orne of the aqueous phases from DCM partitioning, which was found to contain the
polar metabolite, was analyzed by TLC using polar solvent systems. These analyses indicated
that the polar metabolite was comprised of a number of components, each <0.07 ppm. The
fraction was subjected to acid hydrolysis (in 0.1 M HCI at 37 °C for 18 hours) and TLC analysis
of the hydrolysate revealed additional components, confirming that the polar metabolite was
multicomponent.

The metabolic profilc in kidney was similar to that of urine; however, co-chromatography of
kidney and urine extracts was inconclusive. Comparison of HPLC retention times indicated that
the diglutathione conjugate of chlorothalonil was present in kidney extracts at ~2% TRR [the
petitioner concluded that the monoglutathione conjugate of chlorothalonil was also present in
kidney; however, based on the chromatograms included in the submission (Figure 14 of the
submission), the study reviewer could not confirm that conclusion].

The petitioner stated that the enzyme, acid, and base hydrolysates of goat matrices were not
analyzed because of low radioactivity levels. The hydrolysates from milk, liver, muscle, and fat
each accounted for <0.05 ppm. The kidney hydrolysates contained greater amounts of
radioactivity, at 17.5% TRR (0.19 ppm) in the enzyme hydrolysate, 6.9% TRR (0.076 ppm) in
the 0.1 M HCI hydrolysate, 10.5% TRR (0.12 ppm} in the 0.1 M NaOH hydrolysate, and 6.1%
TRR (0.067 ppm) in the 0.1 M HCl reflux hydrolysate. The petitioner should have attempted
analysis of the radioactivity in the hydrolysates of kidney.
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: Nature of the Residues in Livestock - Lacrating goat

The results of the dialysis experiments with liver and kidney, in which the samples were
subjected to dialysis with sodium phosphate buffer containing sodium dodecyl sulfate, were in
good agreement with the values obtained for extractable radioactivity using the conventional
extraction procedures.

C.1.  Storage Stability

Sample storage conditions and intervals are presented in Table C.1. Samples were stored frozen
prior to analysis. The petitioner reported the dates of initial analysis and the dates of the
reanalyses that were conducted to support storage stability. Based on the MS chromatograms

included in the submission, the LC/MS and GC/MS analyses were conducted up to 11 months
after sample collection.

To provide supporting storage stability data, the petitioner reextracted samples of milk, liver,
kidney, muscle, and fat approximately 6-7 months after the initial extraction. The extracts were
analyzed (~1 month after extraction) and the results were compared with those from the initial
analyses. For milk and kidney, the chromatographic profiles from the initial and final analyses
were similar. For liver, the petitioner noted that the amount of the metabolite 2,5,6-trichloro-1,3-
dicyanobenzene decreased in the stored sample, as compared with the initial analysis (from
13.1% TRR to 3.4% TRR), and that there was an increase in the amount of 4-hydroxy
chlorothalonil (from 10.4% TRR to 25.3% TRR); this suggests that 2,5,6-trichloro-1,3-
dicyanobenzene may be a precursor of 4-hydroxy chlorothalonil. In muscle and fat, similar
significant increases in the levels of 4-hydroxy chlorothalonil were observed, with corresponding
decreases in the levels of 2,5,6-trichloro-1,3-dicyanobenzene and other less polar metabolites.

The relative levels of metabolites that are reported in Tables C.2.2 and C.2.3 appear to be from
the initial analyses.

HED concludes that the submitted storage stability data are adequate to support the goat
metabolism study. Although some anal yses may have been conducted outside the interval for

which storage stability data were provided (~7 months), these analyses were conducted to
identify isolated metaholites.

TABLEC.1.  Summary of Storage Conditions,
Matrix Storage Temperature Actual Storage Duration Interval of Demonstratad
) {days) Storage Stability
(duys)
Milk: RAC <15 41-223 223
Extract 10-31 ‘ -
Liver’ RAL 33-223 223
Extract 18-31 -
Kidaey: RAC 33.223 223
Extract 21-3 e
Far: RAC 55.223 223
Extract F0-31 -
Muscle:  RAC 33-223 223
DP# 323612/MRID# 45710226 ' Page 12 of 21
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Chlorothalonil/PC Code 081901/ Vischim $.r. /074601
DACO 6.2/OPPTS 860.1300/0ECD 11 6.2.2, 6.2.3 & TIIA 8.2,84.1.84.2
Nature of the Residues in Livestock - Lactating goat

TABLEC.1.  Summary of Storage Conditions.
Matrix Seorage Temperature Actoal Storage Duration Interval of Demonstrated
°C) {days) Storage Stability
{days)
Exfract 16-31 -

C.2. ldentification, Characterization, and Distribution of Residues

TABLE C.2.1. 'TRR in Milk, Tissue and Excreta,
Matrix Collectivn Timing % Adrinistered Dose ppm, [”C]chlnmthalonil
equivalents
Urine 0-24 hours 82 -
0-48 hours 9.1 -
0-72 hours 99 -
(96 hours 107 -
{119 hours 1.6 -
Feces 0-24 bours 0.1 -
0-48 hours 167 -
0-72 howss 26.7 -~
0-96 hours 315 -~
0-115 hours 5.1 -
Cage wash Sty duration 0.3 -
{ Tustal exorcted Stady duration 51.0 -
Milk 0-24 hours 0.031
24-48 hours 0.051
48-72 hours 03 0068
72-96 hours D.020
96-119 hours 8.090
Musele, forcleg ' At sacrifice 0.2 0.02
Musete, loin ! At sacrifice 0.02 0.02
Muscle, rump ! At sacrifice 0.02 002
Fat, omental Al saerifice 0.08 .03
Fat, perieenal Ad sacrifice 0.02 D03
Fat, subcutaneous Ad sacrifice 002 8.02
Ridney At sacrifice 0.2 1.1
Liver Al sacrifice 0.2 .23
Bile Al sacrifice 200 3%
Whole blood ! At sacrifice 0.06 o3
i tract Al sagrifice 044 -
Gl tract contenis Al sacrifice 2340 -
Sum of Administered Dose {5} 754

Subsample,

DP# 323612/MRID# 45710226
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§ Chlorothalenil/PC Code 0B1901/Vischim S.r.W074601
o DACO 6.2/0PPTS-860.1300/OECD 11 6.2.2, 6.2.3 £ TTIA 8.2, 8.4.1,8.4.2
Natwre of the Residues in Livestock - Lactating goat

TABLE C2.2. Distribution of the Parent and the Metabolites in Goat Matrices when Dosed with
Radiolabeled Chlorothalonil at Approximately 10 ppm in the Diet,’
Metabulite Fraction Milk Liver Kidney Fat Muscle
TRR =0.060 ppm| TRR =023 ppm | TRR=1.10ppm | TRR = 0.028 ppm | TRR =0.018 ppm
%TRR | ppm | %TRR | ppm § %TRR | ppm | HTRR | ppm | %TRR | pom
ACN/water (acetone) 645 | 0039 | 315 012 53.7 0.55 22 jo0023| o |oow4
Chlorothalonit - - - - - we -~ = - -
4-hydroxy chorothalonil] 411 | 0025 | 104 } 0024 | 41% | o045 | 182 [0005] 128 | 0002
2,3, 6-trichloro-1,3- 36 | 0002 | 1301 | 00%0 - 156 Joooa| 317 |ooos
dicyanobenzene
Unknowns 13.5% | 0008 | 2227 | o5t | 4627 | om 370° |ooio ]| 2477 | oo
Ciber 63 | 0.0 56 0.013 34 | 0037 ] N3 Jooo3] 86 |oo0z
Unextraclablc residues 355 | 0021 | 485 0.1 46.3 0.51 178 Jooos! 221 |ooos
Protease hiydrolysate 1215 | 0,007 71 Dol | 175 0.19 38 Jo00E{ 85°% |oo02
0.1 M HC! hydrolysate 06 |DO00E| 52 0.012 69 | 0.076 1.1 io0003] o3 [oooo!
0.1 M NaOH hydrolysate] 160 | 0.010 9.5 0.022 18.5 0612 | 65 0.002 5.5 0.001
0.1 M HCI reflux 159 | 0037 6.1 0.067 ' :
hydralysate - ,
Sofids 189 | oo1r | 108 Joos | 53 [o0s8 | 102 |oom| 158 | 0003

Fhading indicates that the extraction step and/or characterization analysis was not conducted for the myalrix in guestion.
* Tentative idenlification.
* A twtal of 4 unknowns, each 7.5% TRR (0.005 ppm).
* A total of 8 unknowns, each 7.6% TRR (<0.017 ppm).
® A total of 15 unknowns. each present at £6.9% TRR (<0.076 ppmuy, with the exception of one polar metabolite present at 13.5%
TRE (.15 ppm). TLC analysis of this metubolite indicated that it was multicomponent (each <007 ppm).
® A total of 4 unknowns, cach <15.35% TRR (<0.004 ppm).
7 A totad of 3 unknowns, each <18.3% TRR (<0.003 ppm).
 For milk. fat, and muscle, profease hydrolysis was conducted on a separate subsample of nonextractable residucs than that used
for acid and base hydrolyscs.

TABLE C.2.3. Summary of Characterization and Identification of Radioactive Residues in Goat Matrices
when Dosed with Radiolabeled Chilorothalonil at Approximately 10 ppm in the Diet.
Compound Milk Liver Kidney Fat Muscle
TRR = 0.060 ppen §| TRR =0.23ppm | TRR = 1.1Gppm ; TRR = 0.028 ppm | TRB = 0.018 ppm
ZTRR | ppm | %TRR ppm %TRR ppm FTRR PP %TRR | ppm
Chiorpthatonil - - - - - - - - - -
4-hydroxy 411 0.025% 104 0.024 4.1 0.045 182 {.005 128 0.002
chlorothalonil
2.56-trichloro-1,3- 3.6 0.002 131 0.030 - - 15.6 0.004 KEW) 6.006
dicyanobenizene
Unkngwnsfother 198 0.012 8 0.064 49.6 .33 48.3 0.014 333 0.006
Protease hydrolysate .- - 7.1 0.016 17.5 019 - - - =
0.1 M HC) 0.6 0.0004 52 402 6.9 0076 1.1 0.6003 68 0.0001
hydrolysate
.1 M NaOH 160 0.010 9.5 0.022 103 Q.12 6.5 0002 5.5 .00
hydrolysale
0.1 M HCI reflux s - 1559 0.037 6.1 0.067 - -- -~ =
hydrolysate
“Fotal identitied 44.7 G.a27 235 0.054 4.1 0.045 33.8 0.009 44.5 0.008
DP# 323612MRID#E 45710226 Page 14 of 2)
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Chlorothalonil/PC Code 081901/ Vischim S.r.074601
DACO 6.2/OPPTS 860.1300/0ECD I1 6.2.2, 6.2.3 & ITIA 8.2, 8.4.1, 5.4.2
Nature of the Residues in Livestock - Lactating goat

TABLE C.23. Summary of Characterization and Identification of Radioactive Residues in Goat Matrices
when Dosed with Radiolabeled Chlorothalonil at Approximately 10 ppm in the Diet.

Comnpound Milk Liver Kidney Fat Muscle

TRR=0060ppn | TRR=023ppm | TRR =110 ppm | TRR = 0.028 ppm | TRR = 0.018 ppm

%TRR ppin STRR | ppm %TRR | ppm HTRE | ppm %TRR { ppm

Total characterized 364 0.022 83.5 0.151 90.6 1.00 35.9 0.016 396 0.007

Total extractable BLi | 0045 § 882 | 07058 | o947 104 898 | 0025 | 842 | 0015
Unextractable (PES)' | 189 | 0.011 108 | oqzs 53 0058 | 102 | 0003 | 158 | o003
Accountability® 100 100 100 100 100

Residues remaining after vabsaustive extractions.
* Accouniabilily = (Total extractable + Total unextractahle}( TRR from combustion analysis; sce TABLE C.2.1) * 100,
C.3. Proposed Metabolic Profile

Based on the observed metabolites, chlorothalonil is metabolized in goats to 4-hydroxy
chlorothalonil, 2,5,6-trichloro-1,3-dicyanobenzene, and the mono- and di glutathione conjugates
of chlorothalonil (both conjugates were found in urine).

The figure below was copied without alteration from MRID 45710226.

FIGURE C.3.1. Proposed Metabolic Profile of Chlorothalonil in Lactating Goat.
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Nature of the Residues in Livestock - Lactating goat

CR w
(] Lot} & s
ct fs L ] &N
OH A
4-Hydroxy Chiorothalonl 2,56 Trichloro-1, 3-dicyanobenzene
N
i G
%] N
o
Chlorothaloni]

o P} Gt N
a ! SGLUTATHIONE SOLUTATHIONE
m Monoglutathione conjugate Diglutathione conjugate
- TABLE C3.1. Identification of Compounds from Metabolism Stady.
I Comnon name/code Chemical name Chemical structre
Figure C.3.1 1D No.
u chiorathatoni) 24,5 6-tetrachlorg- 13- TN
u benzenedicarhonitrile - a
< P
ﬁ Cl
4-hydroxy chlorothalonil d-hydroxy-2,5.6-trichlore-1,3-
n dicvanobenyene
7)) o
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Chlorothalonii/PC Code 081901/ Vischim S.or.074601
DACO 6.2/OPPTS 860.1300/0ECD 116.2.2, 623 & 1A 8.2, 84.1, 842
Nature of the Residues in Livestock - Lactating goat

TABLE C.3.1. ldentification of Compounds from Metabolism Stady.
Cominon namelcode Chemical name Chemical structure
Figure C.3.1 1D No.
2.5 6-trichlora-1,3- 2. 5.6-trickloro- 1,3-dicyanobenzene N
dicvanobenzenc Ci l 1
{1 LN
monoglutathions conjugate of ON
- i
chlorathalonil ! 1
1 N
S-ghutathions
diglutathione ojonj ugate of N
chiorothalonij . -
lutathione-8 1
ghutathione- , e
Ct = CN
Sghatathione

Identified i goat urine,

D. CONCLUSION

TRR were 0.031-0.090 ppm in milk, 0.23 ppm in liver, 1.1 ppm in kidney, 0.02-0.03 ppm in fat,
and 0.02 ppm in muscle from a goat dosed orally with [**C]chlorothalonil at approximately 10
ppm in the diet for § consecutive days. Radioactivity was highest in kidney and lowest in fat and
muscle. Residucs in milk did not appear to have reached a plateau by the end of the dosin g
period. A large portion of the administered dose was excreted, with urine, feces, and cage wash
accounting for a total of ~51% of the administered dose. A total of 75.4% of the administered
dose was recovered in goat matrices.

A large portion of the radioactivity (~52-82% TRR) was extracted from goat matrices using
acetonitrile, acetonitrile/water, and/or acetone. The nonexiractable residues of all matrices were
subjected to enzyme hydrolyses, which released ~4-9% TRR in liver, fat, and muscle samples,
and ~12-18% TRR in milk and kidney samples. Nonextractable residues were additionally
subjected to mild acid and base hydrolyses, which released a total of ~6-17% TRR. Liver and
kidney nonextractable residues were additionally subjected to acid hydrolysis at reflux, which
released 16% and 6% TRR, respectively. Nonextractable residues accounted for <0.03 ppm in
milk, liver, fat, and muscle, and <6% TRR in kidney.

Approximately 41% TRR were identified in milk, and ~4-18% TRR were identified in liver,
kidney, fat, and muscle. Chlorothalonil was not detected in any goat matrix. Two metabolites
were identified: 4-hydroxy chlorothalonil, at 41% TRR in milk, 10% TRR in liver, 4% TRR in
kidney, 18% TRR in fat, and 13% TRR in muscle: and 2,3,6-trichloro-1,3-dicyanobenzene, at

DP# 323612/MRIDE 45710226 - Page 17 of 21




Re¢d Chlorothalonil/PC Code 081901/ Vischim $.1.1/074601
@.g DPACO6.2/0PPTS 860.1300/0ECD 16.2.2, 623 & 1HA 8.2, 8.4.1.8.4.2
Nature of the Residues in Livestock - Lactating goat

4% TRR in milk, 13% TRR in liver, 16% TRR in fat, and 32% TRR in muscle. Comparison of
HPLC retention times indicated that the diglutathione conjugate of chlorothalonil was present in
kidney extracts, at ~2% TRR. The remainder of the extractable radioactivity consisted of
unknowns, each present at <0.08 ppm. Based on the observed metabolites, chlorothalonil is
metabolized in goats to 4-hydroxy chlorothalonil, 2.5.6-trichloro-1,3-dicyanobenzene, and the
mono- and diglutathione conjugates of chlorothalonil (both conjugates were found in urine).
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APPENDIX I. Chemical Names and Structures of Reference Standards Used in Chiorothalonil Goat

Metabolism Study.

Comimon name; Chemical name Chemical structure

Company code

chlorothalonil 2.4.5 baetrachioro-1,3-

benzenedicarbonitrile

sophthalonitile

monoamide of chlorothalonil | 3-cyano-2,4,3 6-tetrachiorobenzamide CONH,
L n ¢

i N

- 4
u diamide of chiorothulonil 2.4.5.6-wetrachiorotsophthalamide ONH,
o. a ol
a it CONH,
| o

4-hydroxy chivrothaloni] 4-hydroxy-2.5 S-trichloro-1,3- N
> dicymnobenzene

4-methyoxy-2,5.6- danethyoxy-25.6-
“ trichloroisophihalonitrile trichioreisophthalonitrile
n monoglutathione conjugate of N
m chlorothalonil
: 8- ghatathione

DP# 323612/MRID# 45710226 Page 19 of 21
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*‘ Chlvrothalonil/PC Code 081901/ Vischim 8.0 /074601
; l DACO 6.2/0PPTS 860.1300/0ECD 11 6.2.2, 6,23 & THA 8.2, 84.1,84.2
Nature of the Residues in Livestock - Lactating goat

APPENDIX L. Chemical Names and Structures of Reference Standards Used in Chlorothalonil Goat
Metabolism Study.

Common name;
Company code

Chensical name

Cherical structure

diglutathione canjugate of
chlorothalonil

ghuathione-§ &
L& N

S-glutarhione
triglutathione confugate of
chiorothalonil ghetathione-§ $-ghatathione
1 N
S-ghutathione
2.5.dichloro-4.6- 2,5-dichioro-4 6-dithioisephihalonitrile N
dithivisophthalonitriie S -
1 | X
5H
S-chlorp-2.4.6 S-chlore-2,4.6- CR
tri{methylthioiisophthalo- i{methylthioisophthaloniirile nes SCH
nitrile P T
1 N
SCH,

2. Sdichloro-4.6-
di{methyithiojisophthato-
nitrile

2.5-dickioro-4,6-
di{methylthiojisophthaloniirile

2.4 . 5-prichloro-6-
{methylthiojisophthalonitrile

2.4, 5-uichloro-6-
(methylthiossophthaonitrile

2.4, 3anchivro-6-

thivisophthalonitrite

2.4.5-trichioro-6-thivisophthalonitrile

DP# 32361 2/MRID# 45710226
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APPENDIX 1.  Chemical Names and Structures of Reference Standards Used in Chlorothalonil Goat
Metabolism Study.
Common name:; Chimical nune Cherical structure
Compuny code
4,5-dichlore-2 6- 4. 5-dichloro-2,6-dithivisophthalonitrile; CN N
dithioisophthaloniirile: 2.5-dichloro-4,6-dithioisophthalonitrile | s SH s a
2. 5-dichlore-4.6-
dithioisophthalonitrile
fmixture] 9 N i ON
€1 SH

monovysieing compugaie of N
chiorothalomi a i

%] L%t

Uysteine
dicysicine conjugate of M
shiorothalonil Cysteine a
C1 I N
Cysteine

incysisine conjugate of
chiorothaloni) Cysteine Cysteine

1 CM

Cyminine
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